We revisit the family Diademaceae based on available sequence data and morphology. Diademaceae is characterized by ascomata opening with a flat circular lid and fissitunicate, short orbicular frequently cylindrical, pedicellate asci. Ascospores are frequently circular in section but narrowing to one end with three or more transverse septa, without longitudinal septa, and mostly with a thick sheath. In recent treatments Clathrospora, Comoclathris, Diadema, Diademosa, and Graphyllium were placed in the family. Following molecular and morphological study, Clathrospora, Comoclathris, and Diademosa, are excluded from the family and referred to Pleosporaceae. Graphyllium is excluded from Diademaceae, based on hysterothecium-like ascomata with a longitudinal opening, and tentatively placed in Hysteriaceae with uncertainty; species with hysterothecia have now been accommodated in at least five families. The study accepts only Diadema in the family. The status of Diademaceae as a distinct family, based on the ascomata opening by a flat circular lid, is thought to be doubtful. Fresh collections of Diadema are needed for epitypification and to obtain sequence data to establish if this is a well-resolved family.
Introduction
Based on the ascomata opening by a flat circular lid, Shoemaker and Babcock [1] introduced Diademaceae, which they considered to be a unique family in the order Pleosporales. Initially five genera, that is, Clathrospora, Comoclathris, Diadema, Diademosa, and Macrospora, were included in the family [1] . Other than the ascomata opening by a flat circular lid, the family was characterized by bitunicate and fissitunicate, clavate or ellipsoidal, short pedicellate asci, and applanate or rarely cylindrical ascospores with three or more transverse septa with or without longitudinal septa and usually with a thick sheath and frequently circular in section but narrowing to one end [1, 2] .
Species of the order Pleosporales with applanate ascospores can be found in three families (Diademaceae, Hysteriaceae, and Pleosporaceae), which differ in the way the ascomata open [1] . Ascomata openings by a flat circular lid are characteristic of Diademaceae. In species of Hysteriaceae ascomata open via a long narrow slit and species of Pleosporaceae open by a central pore [1] . Various authors have included and excluded different genera in Diademaceae by giving priority to different morphological characters [1, 3, 4] . Platyspora had been referred to this family by various authors [4] or was considered a synonym of Graphyllium [2, 4] or Comoclathris [5] . Lumbsch and Huhndorf [6] assigned Macrospora to Pleosporaceae, as the genus was considered to be a synonym of Pyrenophora and this treatment was followed by Zhang et al. [3, 4] . In the same study, Lumbsch and Huhndorf [6] had also referred Graphyllium to Diademaceae. Sequence data is now available for some of these genera thus the importance of their morphological characters and overall relationships can now be tested based on molecular phylogeny.
We have been studying the families of Pleosporales in order to provide a natural classification via morphological characterization together with molecular analysis 2 The Scientific World Journal [2] [3] [4] 7] . The family Diademaceae has been poorly studied and presently comprises five genera [6] , but this has not changed since the family was introduced by Shoemaker and Babcock [1] . Given the considerable taxonomic confusion we revisited this family based on phylogenetic analyses of rDNA sequence data coupled with morphological characters. The aims of the study are to (i) discuss the familial placement of the genera in Diademaceae and assess whether they represent natural groups, (ii) determine which morphological characters are useful for generic delineation by observing the type species of each genera, and (iii) illustrate the genera to stimulate fresh collections being made so that molecular data can be used to resolve the systematic relationships of the family.
Materials and Methods

Specimen Examination.
The basic methodology used in this study was the same as Ariyawansa et al. [7] . The type specimens were loaned from the US National Fungus Collections (BPI), Agriculture and Agri-Food Canada (DAOM), and New York Botanical Garden (NY). Ascomata were rehydrated in 5% KOH prior to examination and sectioning. Hand sections of the fruiting structures were mounted in water for microscopic studies and photomicrography. The fungus was examined in a Nikon ECLIPSE 80i compound microscope and photographed by a Cannon 450D digital camera fitted to the microscope. Measurements were made with the Tarosoft (R) Image Frame Work program and images used for figures were processed with Adobe Photoshop CS3 Extended version 10.0 software (Adobe Systems Inc., USA).
Phylogenetic Analysis.
The large and small subunits of the nuclear ribosomal RNA genes (LSU, SSU) were included in the analysis. All sequences obtained from GenBank were used in Schoch et al. [8] and Zhang et al. [3] and are listed in Table 1 . Sequences were aligned using Bioedit v7.2.0 version [9] and ClustalX v. 1.83 [10] . The alignments were checked visually and improved manually where necessary.
Maximum Likelihood analysis was performed in RAxML [11] implemented in raxmlGUIv.0.9b2 [12] . The search strategy was set to rapid bootstrapping and the analysis was carried out using the GTRGAMMAI model of nucleotide substitution. The number of replicates was automatically inferred using the stopping criterion [13] . Maximum Likelihood bootstrap values equal or greater than 50% are given below or above each node (Figure 1 ). Phylogenetic trees were drawn using Treeview v. [6] and Shoemaker and Babcock [1] were clustered in the family Pleosporaceae but separated from other genera of the family with a relatively high bootstrap value (55%). The type species of Comoclathris, C. lanata, was not available for study, but the two Comoclathris compressa strains cluster in a well supported clade within the Pleosporaceae, outside the Alternaria complex. Therefore we confer with Zhang et al. [4] and Woudenberg et al. [14] in transferring these two genera to Pleosporaceae. Two putative strains of Comoclathris magna (CBS 174.52) and Clathrospora heterospora (CBS 175.52) were clustered within the Alternaria complex as in Woudenberg et al. [14] . Woudenberg et al. [14] have tentatively considered Comoclathris magna (CBS 174.52) and Clathrospora heterospora (CBS 175.52) as Alternaria species. There is, however, confusion concerning the CBS 175.52 strain, because Dong et al. [15] used the name Comoclathris baccata in their paper for strain CBS 175.52 but submitted sequences to GenBank under the name Clathrospora diplospora [14] . In their study, Woudenberg et al. [14] The Scientific World Journal The Scientific World Journal 5 Shoemaker and Babcock [1] introduced Diademaceae which they considered to be a distinctive family comprising Clathrospora, Comoclathris, Diadema, Diademosa, and Macrospora whose species have ascomata opening by a flat circular lid [1] . The feature of ascomata opening via a flat circular lid was considered to be an adaptation to the alpine habitat [16] . Ascospores are fusiform, brown, with three or more transverse septa, with or without longitudinal septa, and frequently terete, usually with a thick sheath [1, 2, 4] .
Results
Molecular Phylogeny Based on
Lumbsch and Huhndorf [6] excluded Macrospora from Diademaceae and assigned it to Pleosporaceae, as it was considered to be a synonym for Pyrenophora. We have seen type material of Macrospora scirpicola and it is neither diademaceous nor pleosporaceous and therefore will be considered as subject of a future paper. Lumbsch and Huhndorf [6] also included Graphyllium in the family Diademaceae, but this classification has not been followed by many authors. Shoemaker and Babcock [1] and Zhang et al. [4] referred Graphyllium to the family Hysteriaceae based on its hysterotheciumlike ascomata forming a longitudinal, slit-like opening. Shoemaker and Babcock [1] assigned Clathrospora to Diademaceae based on ascomata opening with an intraepidermal discoid lid and muriform applanate ascospores with more than one row of longitudinal septa. Ascomata, however, have slightly papillate ostioles and Alternaria-like asexual morphs, and recent molecular data shows that Clathrospora has an affinity with the family Pleosporaceae [4, 14] . Platyspora has been referred to Diademaceae [4] and was considered a synonym of Graphyllium [2, 4] or as a synonym of Comoclathris [5] .
Species of the order Pleosporales with applanate ascospores were previously separated into three families (Diademaceae, Hysteriaceae, and Pleosporaceae) which differ in the way the ascomata open [2] . Ascomata openings by a flat circular lid were characteristic of the family Diademaceae, while species of Hysteriaceae open via a long narrow slit and species of Pleosporaceae open by a central pore [1] . Based on the above discussion we exclude Clathrospora, Comoclathris, Diademosa, and Graphyllium from the Diademaceae. Based on morphology and/or molecular data and at this time, we accept only Diadema, which has mostly terete ascospores (except D. obtusa which has flattened ascospores), in the family. Diademaceae is, however, not supported by molecular data, but no sequence data is available for the generic type Diadema. Further studies are required to resolve the phylogenetic relationship in the Pleosporales. In the light of all of the above, we retain the Diademaceae to include a single genus Diadema which has immersed, intraepidermal ascomata, opening via a flat circular lid, and asci with a short orbicular pedicel without an ocular chamber and ascospores are reddish-brown, usually cylindrical, and frequently circular in section but narrowing to one end with a distinct, mucilaginous sheath.
Accepted Genus in Diademaceae
Diadema. Shoemaker Figure 2) . Shoemaker and Babcock [16] introduced Diadema and characterized the genus by large ascospores without longitudinal septa with a distinct mucilaginous sheath and ascomata with a circular lid-like opening. Currently eight species of Diadema are listed in Index Fungorum [5] . Six species were included when the genus was introduced and another two species (Diadema ahmadii, Kaz. Tanaka & S.H. Iqbal, and Diadema sieversiae (Peck) Huhndorf) were later added [4, 16] . The nature of the ascomata appears to be an important character of this genus and family. Except D. obtusa all other species of Diadema have terete; that is, ascospores are cylindrical, frequently circular in section but narrowing to one end. We observed D. tetramerum, the generic type of Diadema and besides ascomata opening via a circular lid, asci with the short orbicular pedicel without an ocular chamber and trans-septate, ascospores, lacking longitudinal septa, and surrounded by a very broad sheath narrowed to a waist near the middle septum are considered to be significant for the genus. No molecular data is available for the type or other species of Diadema. Therefore recollection, epitypification, and sequence data is essential to establish family and species relationships.
Excluded Genera
Clathrospora. Rabenh., Hedwigia 1(18): 116 (1857).
Saprobic on wood and stems. Sexual state: Ascomata semiimmersed, scattered on putrid host stems and foliage, brown to blackish brown, subglobose or nearly globose, with a central sunken ostiole open via a circular lid, asci and pseudoparaphyses forming at the base of the peridium. Peridium composed of 3-5 layers of brown, relatively thick-walled cells of textura angularis, inner cells flattened, thin-walled and lighter. Hamathecium composed of dense, hyaline, filiform, pseudoparaphyses which are longer than the asci. Asci 8-spored, bitunicate, fissitunicate, thick-walled, cylindrical to clavate, with a short pedicle and shallow ocular chamber. Ascospores biseriate, fusiform 7-transseptate, two or many rows of longitudinal septa, muriform, constricted only at the central septum, dark brown to brown, surrounded by a thin, hyaline mucilaginous sheath. Asexual State: Alternaria-like.
Type Species: Clathrospora elynae. Rabenh., Hedwigia 1 : 116 (1857) (see Figure 3) . Material Examined. Switzerland, on the stem of Carex curvula, September 1898, Winter (BPI 627748, isotype).
Shoemaker and Babcock [1] assigned Clathrospora to Diademaceae and included an additional nine species and provided a key to the genus based on the number of septa and length of ascospores. Clathrospora was characterized by circular lid-like opening and applanate, muriform ascospores. Currently, 50 Clathrospora species are listed in the genus in Index Fungorum [5] . Molecular studies based on combine gene analysis showed that two putative strains of Clathrospora, C. elynae (CBS 196 .54) and C. diplospora (IMI 68086), were clustered in Pleosporaceae [4, 8] . We obtained similar results in the phylogenetic tree produced from combined nrLSU and nrSSU sequence analysis (Figure 1) . Clathrospora elynae the type of Clathrospora formed a separate clade with relatively high bootstrap support (55%) within Pleosporaceae. Based on the phylogenetic result together with the morphological characters (slightly papillate ostiole and Alternaria-like asexual morph) we refer Clathrospora to Pleosporaceae.
Comoclathris. Clem., Gen. fung. Comoclathris, typified by Comoclathris lanata, was introduced by Clements (1909). The genus is characterized by ascomata with circular lid-like openings and applanate reddish-brown to dark reddish-brown, muriform ascospores, with single longitudinal septa [1] . Zhang et al. [4] tentatively placed Comoclathris in the Pleosporaceae based on Alternaria-like asexual morphs and this was followed by Woudenberg et al. [14] . Comoclathris shares common characters with Pleospora herbarum, the type of Pleospora, in having cylindrical to cylindroclavate asci with an ocular chamber and muriform, brown or pale brown, with or without sheath ascospores. Comoclathris and Pleospora differ in the opening of ascomata (opening via a large circular aperture or lid versus open by a central pore). Comoclathris and Pleoseptum share similar characters in having globose, black, ascomata, and cylindrical to cylindroclavate asci with muriform, yellowish to dark brown ascospores. Comoclathris differs from Pleoseptum in having superficial ascomata with circular lid-like openings composed of comparatively thin peridium and applanate and fusiform ascospores surrounded by a distinct hyaline, mucilaginous thick sheath [3, 4] . In Pleoseptum ascomata are immersed, usually with a papillate apex, with a relatively broad peridium and ovoid to fusoid ascospores [2, 3] . Comoclathris was considered to differ from Clathrospora as in the latter genus species have two or more rows of longitudinal septa as compared with a single row in Comoclathris [3] . Shoemaker and Babcock [1] provided a key to 21 species of Comoclathris. Presently 32 epithets are listed for Comoclathris in Index Fungorum [5] . Molecular data for Comoclathris lanata, the type species of Comoclathris, is not available. Two strains of Comoclathris compressa (CBS 157.53 and CBS 156.53), however, cluster together in a wellsupported clade within the family Pleosporaceae [14] . Based on the phylogenetic result coupled with the morphological characters (Alternaria-like asexual morph) we agreed with Zhang et al. [4] and Woudenberg et al. [14] to place Comoclathris in Pleosporaceae. This is, however, based on a species and recollection of the type species is essential to establish the correct placement of the genus. Figure 4) . Diademosa was established by Shoemaker and Babcock [1] and typified by D. californiana, based on the ascoma opening via a circular lid and ascospores being frequently circular in section, but narrowing to one end. Diademosa californiana was initially introduced as Graphyllium californianum by Barr [17] and referred to Hysteriaceae based on the pore or slit like opening. Reexamination of the type specimens by Shoemaker and Babcock [1] concluded that Diademosa opened by a flat lid similar to Diadema and assigned it into Diademaceae. The lid is hard to observe in sections unless they are mounted directly in lactic acid because excessive swelling occurs in water [1] . Diademosa differs from Comoclathris in having cylindrical, frequently circular in section, but narrowing to one end ascospores compared with flattened ascospores of Comoclathris. Diademosa and the generic type of Pleosporaceae, Pleospora share common characters. Both Diademosa and Pleospora comprise narrowly oblong ascomata with cellular pseudoparaphyses and cylindrical to clavate asci with muriform, brown or pale brown ascospores. However, Diademosa differs from Pleospora in having an ascomata
(n) opening via a circular lid, covered with setae and asci with short narrow pedicel, while Pleospora species have ascomata opening by a central pore without setae and asci with a short, thick, furcated pedicel. Except the ascomata opening via disc-like lid, Diademosa resembles some characters of Pyrenophora. That is, both Diademosa and Pyrenophora have superficial ascomata with setae and muriform, smoothwalled, light brown to dark brown ascospores. Currently four species of Diademosa are listed in Index Fungorum [5] , but no molecular data is available for the genus. We place Diademosa in Pleosporaceae because of its similarities with other genera in this family, but confirmation of the phylogenetic status of this genus depends on recollecting the fungus and epitypification with molecular sequences.
Graphyllium. Clem., Botanical Survey of Nebraska 5: 6 (1901 Initially Graphyllium was placed in the Hypodermiaceae by Clémencet (1901) and described as "Hysterothecium innate, then erumpent, linear, simple, membranaceousplectenchymatous, black; asci ovoid or cylindrical-clavate, 8-spored; spores brown, elliptical to oblong, with transverseand longitudinal septa, but not muriform; pseudoparaphyses simple or branched, septate, forming an epithecium. " Later Barr [17] transferred the genus to order Pleosporales and referred to Phaeosphaeriaceae. Platyspora was considered as a synonym of Graphyllium [4] . Shoemaker and Babcock [1] assigned Graphyllium to Hysteriaceae considering the ascomatal characters along with applanate ascospores that are at least 3-septate in side view and have some longitudinal septa in front view. Lumbsch and Huhndorf [6] included Graphyllium in the family Diademaceae, but Zhang et al. [4] referred to Hysteriaceae. We examined the generic type of Graphyllium, G. chloës we also agreed to refer Graphyllium tentatively in Hysteriaceae because of its hysterotheciumlike ascomata forming a longitudinal opening which is clearly deviated from the lid-like opening in Diademaceae. However the correct placement of this taxon still depends on epitypification with molecular data.
Concluding Remarks
The importance of molecular data in determining the importance of morphological characters and relationship of microfungi cannot be overstressed and has proved significant at establishing genus and species relationships [18, 19] and resolving cryptic species in important plant pathogenic genera, for example, Diaporthe [20] and Pestalotiopsis [21] . Shoemaker and Babcock [1] introduced Diademaceae which they considered to be a distinctive family based on the ascomata opening via a flat, circular lid and comprising Clathrospora, Comoclathris, Diadema, Diademosa, and Macrospora [1] . Recent studies based on molecular phylogeny [4, 14] , including this study, conclude that Clathrospora and Comoclathris clustered within Pleosporaceae. Molecular data, however, is not available for Diadema and Diademosa. Graphyllium is placed in Hysteriaceae because of its hysterothecium-like ascomata with a slit like opening; this clearly diverges from the lid like opening in Diademaceae. The characteristic feature of ascomata opening via a flat circular lid is considered as an adaptation to the alpine habitat [16] . It is, however, doubtful if this character is significant and whether Diademaceae is a separate family in the order Pleosporales. Until further molecular data becomes available we maintain Diademaceae with a single genus Diadema based on its large transseptate ascospores surrounded by a distinct mucilage sheath and ascomata with a circular, lid-like opening [16] .
